Introduction {#Sec1}
============

Intraabdominal extralobar pulmonary sequestration (IEPS) is a rare type of pulmonary sequestration (PS). PS is a spectrum of bronchopulmonary foregut anomalies, characterized overall as non-functional pulmonary tissue that is sequestered or separated from normal bronchial connections. The prevalence is between 0.15 and 1.8%^[@CR1]--[@CR3]^. There are 2 types of PS that have been previously determined: intralobar sequestrations (ILS; 75%), and extralobar sequestrations (ELS; 25%). In ILS, the sequestration shares the common pleura with the normal lung; in ELS, the sequestration has its own pleural envelope^[@CR4],[@CR5]^. Less than 10% of ELS, including IEPS, are reportedly out of the thorax^[@CR6]--[@CR8]^.

The first prenatal diagnosis of IEPS was reported in 1986^[@CR9]^, and to the best of our knowledge, only 43 cases of IEPS had been reported in the literature. Appropriate prenatal diagnosis of IEPS is important to optimize the management strategy for affected neonates. However, most previous publications either had a small study population (no more than 6 cases) or were merely single case reports. Furthermore, most previous studies did not describe the details of sonographic features of IEPS, congenital cystic adenomatoid malformation volume ratio, or cardiothoracic ratio. Due to the lack of studies with a larger sample size, the prenatal sonographic features, natural course, and perinatal outcomes have not been discussed definitively.

This study describes diagnostic approaches toward fetal IEPS, especially ultrasound examinations, and clinical outcomes.

Results {#Sec2}
=======

General conditions of the present study {#Sec3}
---------------------------------------

Our 3 prenatal sonographic diagnostic centers performed 210,237 prenatal ultrasound exams. Of these, there were 21 cases of IEPS, confirmed by autopsy or surgery pathology (Table [1](#Tab1){ref-type="table"}).Table 1Clinical & ultrasound imaging features of patient with IEPS.Birth yPrenatal ultrasoundAssociated anomaliesPostnatal imagingTreatmentFollow-up1200524 wk, L suprarenal mass; 30 wk, increased size from 2.7 × 2.3 to 4.2 × 3.3 cmNoNoAbortion---2200621 wk, L suprarenal mass, 3.0 × 2.8 cmDHNoAbortion---3200721 wk, R suprarenal mass, 2.7 × 1.9 cmNoUS through 5 mo: 3.5 × 2.3 cmOpen surgery at 55 mo (2012)Serial US through 55--67 mo (continue 12 mo), NED4200826 wk, L suprarenal mass, 3.0 × 2.0 cmDHNoAbortion---5200925 wk, L suprarenal mass, 2.6 × 2.2 cmNoUS through 2 mo, CT through 20 mo: 3.5 × 3.0 cmOpen surgery at 45 mo (2013)Serial US through 47--60 mo (continue 13 mo), NED6200926 wk, L suprarenal mass, 3.5 × 3.0 cmDHNoAbortion---7200926 wk, L suprarenal mass, 4.0 × 3.0 cmDANoAbortion---8201024 wk, L suprarenal mass 2.7 × 2.6 cmDHNoAbortion---9201023 wk, R suprarenal mass 4.6 × 2.9 cmNoUS through 4 mo, CT through 24 mo: 4.7 × 3.0 cmOpen surgery at 38 mo (2014)Serial US through 38--50 mo (continue 12 mo), NED10201121 wk, L suprarenal mass; 28 wk, increased size from 2.0 × 1.9 cm to 3.5 × 2.9 cmNoNoAbortion---11201127 wk, L suprarenal mass; trisomy 18, 3.0 × 3.0 cmAC & DHNoAbortion---12201222 wk, L suprarenal mass 4.1 × 3.0 cmNoUS through 2 mo, CT through 16 mo: 4.7 × 3.5 cmOpen surgery at 25 mo (2014)Serial US through 25--35 mo (continue 10 mo), NED13201225 wk, R suprarenal mass 3.0 × 1.9 cmNoUS through 4 mo, CT through 6 mo: 4.2 × 2.9 cmOpen surgery at 24 mo (2014)Serial US through 24--36 mo (continue 12 mo), NED14201327 wk, L suprarenal mass 2.7 × 2.3 cmNoUS through 4 mo, MRI through 12 mo: 3.0 × 2.5 cmLAP at 20 mo (2015)Serial US through 20--31 mo (continue 11 mo), NED15201322 wk, L suprarenal mass 3.2 × 3.1 cmDHNoAbortion---16201424 wk, L suprarenal mass 3.5 × 2.7 cmNoUS through 1 mo, MRI through 10 mo: 4.7 × 3.3 cmLAP at 16 mo (2015)Serial US through 16--26 mo (continue 10 mo), NED17201526 wk, L suprarenal mass, 3.9 × 2.9 cmNoUS through 3 mo: 4.5 × 3.3 cmLAP at 13 mo (2016)Serial US through 14--25 mo (continue 11 mo), NED18201525 wk, L suprarenal mass, 3.0 × 2.3 cmNoUS through 2 mo, 3.5 × 2.7 cmLAP at 8 mo (2016)Serial US through 8--19 mo (continue 11 mo), NED19201624 wk, L suprarenal mass, 3.5 × 3.2 cmNoUS through 5 d, CT through 4 mo: 4.5 × 3.9 cmLAP at 6 mo (2016)Serial US through 6--15 mo (continue 9 mo), NED20201629 wk, L suprarenal mass, 2.9 × 2.6 cmNoUS through 10 d, 3.0 × 2.8 cmLAP at 3 mo (2016)Serial US through 3--13 mo (continue 10 mo), NED21201721 wk, L suprarenal mass, 3.0 × 2.4 cmUS through 7 d, MRI through 1 mo: 3.5 × 2.9 cmLAP at 2 mo (2017)Serial US through 2--3 mo (continue 1 mo), NEDDH, diaphragmatic hernia; DA, duodenal atresia; AC, aortic coarctation; LAP, laparoscopy; NED, no evidence of disease.

Postmortem findings or surgery findings in the present study {#Sec4}
------------------------------------------------------------

Abortion was performed in 43% (9/21) of the patients with IEPS, according to the preferences of the parents who did not want to suffer potential adverse outcomes. Seven of the 9 aborted fetuses had concomitant anomalies and 2 had a mass size that had grown larger since the ultrasound examination. Postmortem autopsy confirmed all findings on prenatal ultrasound. There were soft, solid masses with no adherence to the surrounding structures and no communication to the gastrointestinal tract (Fig. [1a,b](#Fig1){ref-type="fig"}). The feeding arteries were from the abdominal aorta or its branch such as the celiac trunk (Fig. [1c](#Fig1){ref-type="fig"}). Final histological evaluation confirmed a diagnosis of IEPS in all cases (Fig. [1d](#Fig1){ref-type="fig"}).Figure 1IEPS in autopsy and histopathology. (**a**) Autopsy showing a soft, solid mass at upper abdomen with no adherence to its surrounding structures and no communication to the gastrointestinal tract. (**b**) The cut surface of the mass showing spongy structure. (**c**) Autopsy showing a mass with a feeding vessel arising from the celiac trunk (CT), which is the first visceral branch of the descending aorta (DAO). SMA, superior mesenteric artery. (**d**) The mass containing mixed dysplastic and hyperplastic lung tissue, with bronchiole-like structures (asterisk) and cartilage (arrows) on histopathology. (H&E stain, ×40).

The 12 fetuses that were not aborted (isolated IEPS) survived through birth. After birth, the neonates received imaging exams. Postnatal ultrasound exam was performed in all of these patients. Some lesions showed no change in size and others grew proportionally. The sonographic features of the prenatal and postnatal ultrasound (Fig. [2a](#Fig2){ref-type="fig"}) exams were similar. Postnatal computed tomography (CT; Fig. [2b](#Fig2){ref-type="fig"}) or magnetic resonance imaging (MRI) was performed in some patients, which were consistent with the prenatal ultrasound findings.Figure 2IEPS in postnatal imagings and histopathology. (**a**) Postnatal color Doppler ultrasound showing a mass at the left adrenal area with the feeding artery (arrows) arising from the descending aorta (DAO). (**b**) CT scans showing an ellipsoidal low-density mass at the left adrenal area. This mass was delineated by a clear boundary, and CT value was approximately 35 HU. The left side of the diaphragm was pushed upwards. Sp, spleen; K, kidney. (**c**,**d**) Postoperative histopathology showing alveolar tissue (asterisk), surface covered with mesothelial cells (arrows) (H&E stain, ×40).

The mass was successfully removed by surgery in all 12 infants, with 5 and 7 by open and laparoscopic surgery, respectively. Ten of these lesions could be clearly separated from the adjacent organs and others had mild fibrous connection to the adrenal gland. These tumors could be easily excised after finding the tissue stalk containing the supplying vessels arising from the abdominal aorta. Postoperative pathological diagnosis revealed bronchial-alveolar tissue, with the surface covered with mesothelial cells (Fig. [2c,d](#Fig2){ref-type="fig"}), consistent with all prenatal diagnoses. All of the patients recovered uneventfully and with favorable outcomes (that is, good recovery, and lack of complications or infection or respiratory or digestive symptoms during the follow-up period). The laparoscopic approach resulted in less postoperative pain and smaller scars. The mean age at surgery was 21.3 ± 17.1 months (range 2--55 mo) and the mean duration of postoperative follow-up was 10.2 ± 3.1 months (range 1--13 mo).

Essential prenatal ultrasound feature of IEPS in the present study {#Sec5}
------------------------------------------------------------------

IEPS was more common in the left suprarenal region and appeared as a homogenous and hyperechoic solid mass with ellipsoidal shape (Table [2](#Tab2){ref-type="table"}). Mostly lesions were well circumscribed and displayed a sliding sign (defined as a mass that shifts during fetal breath movements or hiccups, and movements are not synchronized with that of adjacent organs) and feeding artery (Fig. [3](#Fig3){ref-type="fig"}). The heart size, cardiothoracic ratio (CTR), and congenital cystic adenomatoid malformation volume ratio (CVR) were in normal range. One-third (33%) of the patients also had other anomalies and none developed hydrops.Table 2Prenatal IEPS ultrasound imaging features in 21 patients.Volume, cm^3^10.17 ± 4.66Left side18 (86%)Hyperechoic14 (67%)Ellipsoidal shape16 (76%)Well-circumscribed21 (100%)Sliding sign17 (81%)Associated anomalies7 (33%)Hydrops0 (0)Detection of feeding artery18 (86%)Heart area Z-score−0.02 ± 0.33CVR0.44 ± 0.19CTR0.29 ± 0.05Figure 3Feeding vessel of IEPS in color Doppler of prenatal US. Color Doppler ultrasound showing masses with the feeding artery (arrows) arising from the abdominal aorta (AO). ST, stomach.

Variability analysis {#Sec6}
--------------------

The intra-observer and inter-observer variability is reflected by the mean percentage error (Table [3](#Tab3){ref-type="table"}). In the 3 centers, the intra-observer mean percentage error was less than 8.0% for volume, 9.0% for heart area, 8.0% for CVR, and 9.0% for CTR. Inter-observer mean percentage error was less than 12.0% for volume, 11.0% for heart area, 12.0% for CVR, and 12.0% for CTR.Table 3Percentage error of variability among the medical centers, %.VolumeHeart areaCVRCTRSecond Xiangya HospitalIntra-observer7.77.36.16.9Inter-observer11.310.711.911.3Changsha Hospital for Maternal & Child Health CareIntra-observer7.96.87.77.5Inter-observer10.110.210.911.8Maternal & Child Health Hospital of Changde CityIntra-observer6.38.37.28.1Inter-observer11.510.911.110.7

Comparison with prior studies {#Sec7}
-----------------------------

A comparison was conducted between the prenatal ultrasound characteristics, treatment, and outcomes of affected fetuses in the present study with that of prior studies (Table [4](#Tab4){ref-type="table"}). The gestational ages at diagnosis of the present and prior studies were similar (24.2 ± 2.3 cf. 24.6 ± 6.1 weeks), as was the male-to-female ratio (3.3:1 cf. 4.3:1). In addition, there were no significant differences between the present study and prior ones regarding the ratio of lesions in the left suprarenal region and those in the right suprarenal region (Fig. [4](#Fig4){ref-type="fig"}). In terms of echotexture, the present study and prior reports were similar with regard to the ratio of homogenous and hyperechoic lesions, and heterogeneous masses with cysts.Table 4Ultrasound characteristics, treatment, & outcomes in present & prior studies, *n* (%).Present studyPrior studies*P*2005--20171986--2017Subjects2143---US findingsSidedness of the lesion: left86% (18/21)77% (33/43)0.52Hyperechoic67% (14/21)47% (20/43)0.18Hyperechoic with cysts33% (7/21)28% (12/43)0.77Prenatal detection of feeding artery86% (18/21)7% (3/43)0.00From ABD aorta162---From ABD aorta's branches21---Associated anomalies33% (7/21)5% (2/43)0.00Cardiovascular5% (1/21)0% (0/43)0.33Diaphragmatic hernia29% (6/21)2% (1/43)0.00Digestive tract5% (1/21)5% (2/43)1.00Others0% (0/21)2% (1/43)1.00TreatmentSurgery57% (12/21)81% (35/43)0.07Abortion43% (9/21)2% (1/43)0.00Conservative observation0% (0/21)5% (2/43)1.00OutcomesSurvive57% (12/21)86% (37/43)0.03Demise43% (9/21)5% (2/43)0.00ABD, abdominal; US, ultrasound.Figure 4IEPS in gray-scale imaging of prenatal US. Ultrasound imaging of the upper fetal abdomen showing well-defined solid masses. (**a**) A homogenous and hyperechoic mass on the left side. (**b**,**c**) Heterogeneously hyperechoic solid masses with a small cystic component (asterisk) on the left side. (**d**) A homogenous and hyperechoic mass on the right side. ST, stomach; GB, gall bladder; UV, umbilical vein; L, left; R, right.

It is notable that associated anomalies were detected in 33% (7/21) of fetuses with IEPS in the present study (Table [1](#Tab1){ref-type="table"}), but only 5% (2/43, one with diaphragmatic hernia, gastric duplication cyst and bilateral choroid plexus cysts; and another with gastric duplication cyst) in prior studies (*P* \< 0.01). In the present study, the prenatal rate of feeding arteries detected by color Doppler (86%) was significantly higher than that of prior studies (7%, *P* \< 0.01). Two of the 43 patients (5%) in prior studies were followed late into childhood, with spontaneous regression of the lesion after birth in serial imaging studies. One patient in a prior study had several severe anomalies and died immediately after birth. In the present study, spontaneous regression was not found in any of the 21 patients.

Discussion {#Sec8}
==========

Before 1986 there was no prenatal report of IEPS^[@CR9]^, and it remains challenging to diagnose accurately due to the absence of clinical signs and symptoms in utero^[@CR10]^. Our study investigated whether prenatal ultrasound imaging may improve the accuracy of IEPS diagnosis, and in addition identified the special characteristics of IEPS on ultrasonogram. This type of lesion was found in 0.01% of scanned patients from 2005 to 2017. We conclude that accurate prenatal diagnosis of IEPS relies on correct interpretation of sonographic features.

In gray-scale imaging, most IEPS lesions affected the left suprarenal region and involved homogenous hyperechoic solid masses with an ellipsoidal shape. Notably, the sliding sign was a unique feature of IEPS, defined as a mass that shifts during fetal breath movements or hiccups (both can be noticed as early as 10 weeks gestation^[@CR11],[@CR12]^) and is non-synchronized relative to adjacent organs, such as the liver, stomach, spleen, kidney, and adrenal gland. To the best of our knowledge, there has been no previous report of the sliding sign associated with IEPS in the fetus. In the present study, most lesions had well-defined margins, and the sliding sign could be observed. Thus, it was easier to differentiate IEPS from other tumors or organs during fetal breath movements or hiccups.

Although the IEPS mass is supplied by the abdominal aorta, it is usually stable and rarely grows aggressively. Large masses in the fetal chest, such as an intrathoracic ELS, often lead to fetal hydrops and maldevelopment of the lungs^[@CR13]^. In the present study, the heart area, CVR, and CTR were usually normal, and no ascites or hydrops were observed. This may be because IEPS had not progressed enough to cause high-output cardiac failure, or most lesions were located on the left side, far away from the inferior vena cava, which ensures a good venous return. Additionally, although some IEPS cases involved diaphragmatic hernia, the mass was under the diaphragm. This seems to block the diaphragmatic defect and prevent abdominal organs from further entering the thorax and compressing the fetal heart and lungs.

Another important essential ultrasound feature of IEPS in color Doppler imaging is the presence of feeding arteries arising from the abdominal aorta. Prenatal identification of the feeding artery by color Doppler was not reported until 1994^[@CR14]^. Since then, feeding arteries have been detected more frequently, as the sensitivity of ultrasound has increased. Some studies reported that although systemic arterial flow is the most distinctive feature of IEPS on Doppler scan, it has high specificity but low sensitivity^[@CR8],[@CR15]^. However, feeding arteries were identified in 86% of patients by using prenatal color Doppler in our study. The higher rate of detection of feeding arteries was due to the adoption of a more advanced ultrasound system, the higher sensitivity of Color Doppler, and thus greater ability to recognize the feeding arteries of IEPS. Our 3 medical centers have much experience in diagnosing IEPS. When IEPS is suspected, we focus on the relationship between the feeding artery and the abdominal aorta or its branches in multiple views, which are adjusted as necessary and not limited to the standard coronal, horizontal, and sagittal sections. Such observations allow more support for a correct diagnosis. Our study shows that feeding arteries can be identified prenatally by color Doppler, with convenience, safety, and low cost.

Diseases similar to IEPS include neuroblastoma, adrenal hematoma, and teratoma^[@CR6],[@CR8],[@CR16]--[@CR18]^, with neuroblastoma the most common. Neuroblastoma is not usually identified until the third trimester^[@CR17]^, because sympathetic ganglion cells do not fully form until 18--20 weeks' gestation^[@CR19]^, whilst IEPS is usually detected in the second trimester^[@CR8]^. In addition, IEPS is usually on the left side, neuroblastoma on the right^[@CR17]^; IEPS appears as a homogenous and hyperechoic solid mass, while neuroblastoma is either a solid or a mixed-solid and cystic echotexture. Calcification is an essential feature of neuroblastoma^[@CR20]^, but, other than Plattner *et al*.'s^[@CR13]^ study, there have been no reports of calcification in IEPS. Plattner *et al*. suggested that calcification should not be the sole feature to rule out IEPS. Most IEPS appears with well-defined margins and the sliding sign, while neuroblastoma often invades the adjacent organs^[@CR8],[@CR21]^. The feeding artery is an important differentiating feature to diagnose IEPS. Color Doppler imaging of neuroblastoma can reveal high vascularity in a solid/mixed mass or peripheral vascularization and no blood flow in a cystic mass^[@CR22]--[@CR24]^.

We recommend that any hyperechoic solid lesion detected in the upper abdomen (especially on the left) in the second trimester should prompt suspicion of IEPS. The sliding sign is important to differentiate IEPS from other tumors or organs. A clear feeding artery from the systemic circulation should confirm IEPS.

The natural course and consequences of IEPS is still not well known. Tuberculosis and nocardiosis have been reported in ELS cases^[@CR25]^, but malignancy was rare (only 2 cases of squamous cell carcinoma had ever been reported^[@CR26],[@CR27]^. ELS can also be complicated with other less common conditions such as hemothorax^[@CR28]^ and torsion^[@CR29]^. As a type of ELS, none of the IEPS cases in the present study showed any of these rare complications. This may be related to the sample size and the age of the fetuses or infants of the study population. Some previous studies have reported cases of spontaneous regression in IEPS. In the studies of Danielson and Sherman^[@CR30]^ and Chowdhury *et al*.^[@CR31]^, masses grew in utero and began to regress after birth, but the earliest to regress was 6 months after birth. However, in another case the mass continued to grow until surgical resection was performed at 2 years and 9 months of age^[@CR32]^. In the present study, spontaneous regression was not noticed in any of the 21 cases. Long-term follow up may be required to observe the occurrence of spontaneous regression.

The treatment of IEPS is controversial. Since spontaneous regression is possible^[@CR31],[@CR33]^, conservative therapy has been advocated. Today, surgical resection remains the mainstay treatment, because complete excision can eliminate the potential risks of many complications, such as infection and malignant degeneration^[@CR32]^. The postsurgical (open and laparoscopic) outcomes of isolated IEPS in our study were satisfactory.

This study also has some limitations. Firstly, although our series is the largest of its kind to date, 21 fetuses is a small sample. To estimate more accurately the occurrence rate of fetal IEPS would require the participation of more medical centers. Secondly, the follow-up period was also brief. A larger series with long-term follow-up is needed to confirm the outcomes of surgical resection, and to determine the long-term post-birth consequences such as spontaneous regression.

Methods {#Sec9}
=======

This study was approved by the institutional review board at The Second Xiangya Hospital, Changsha Hospital for Maternal & Child Health Care, and The Maternal and Child Health Hospital of Changde City. All methods were performed in accordance with the relevant guidelines and regulations. Written informed consent was obtained from the legal guardians.

Ultrasound instruments at our centers {#Sec10}
-------------------------------------

This study was performed in 3 prenatal diagnostic centers: The Second Xiangya Hospital; Changsha Hospital for Maternal & Child Health Care; and The Maternal and Child Health Hospital of Changde City. These hospitals are all local well-known hospitals with prenatal diagnostic centers in Hunan province, China. The fetal prenatal ultrasound examinations were performed using the following at each hospital: Siemens Acuson Sequoia 512 with 6C2 probe (2--6 MHz; Siemens Medical, Olympia, WA, USA), and GE Voluson 730 Expert and GE Voluson E8 Expert diagnostic system (GE Healthcare Ultrasound, Milwaukee, WI, USA) with RAB 4-8-D probe (4--8 MHz).

Data collection from our database {#Sec11}
---------------------------------

We retrospectively searched the database of our 3 centers for cases of IEPS that had been prenatally diagnosed between March 2005 and December 2017. Only cases confirmed by autopsy or surgery pathology were included in the present study. For each case, baseline demographics, ultrasound findings, antenatal findings, fetal karyotypes, treatment, and outcomes were collected for further analysis. For ultrasound findings, the heart size, CVR, CTR, sonographic features of the lesion (size, shape, boundary, echotexture, and vascularity), and presence of hydrops were noted. To determine the heart size, heart area was measured and used to obtain Z-scores (to avoid the influence of gestational age) using previously published normative data^[@CR34]^. Prior studies revealed that CVR was a useful measurement in diagnosing fetal congenital cystic adenomatoid malformation and PS, because CVR was found associated with fetal hydrops and postnatal symptoms^[@CR3],[@CR35]^. Since IEPS is a type of PS, it is reasonable to speculate that CVR could also be adopted to assess the severity and prognosis of IEPS. The CVR was calculated by dividing the volume of IEPS by head circumference (HC), so that CVR = (Length × Width × Height × 0.52/HC^[@CR3],[@CR35]^.

The diagnostic criteria for IEPS were the following: detected in the second trimester and continued to be present; homogenous and hyperechoic; with or without cystic components, and with no significant change in echotexture in follow-up serial exams; showed clear boundary and with the surrounding tissue with no obvious adhesion; a blood supply from the abdominal aorta or its branches; and a sliding sign (see Supplementary Video [1](#MOESM1){ref-type="media"}).

Repeatability test for the present data {#Sec12}
---------------------------------------

Two observers independently assessed the routine obstetrical and echocardiography parameters. To test intra-observer variability, a single observer analyzed the data twice on occasions separated by an interval of 1 month. To test inter-observer variability, a second observer analyzed the data without knowledge of the first observer's measurements. Reproducibility was assessed as the mean percentage error (absolute difference divided by the mean of the 2 observations).

Comparisons with previous studies {#Sec13}
---------------------------------

We also reviewed 43 prior cases that had been published between 1986 and 2017. For each case, baseline demographics, ultrasound findings, antenatal findings, treatment, and outcomes were collected and compared with the 21 cases from our database.

Statistical analyses {#Sec14}
--------------------

Statistical analyses were performed using SPSS 17.0 software (SPSS, Chicago, IL). Data are presented as mean ± standard deviation for continuous variables and frequency (%) for categorical variables. Student's *t*-test was used to compare continuous variables, and the chi-squared or Fisher's exact test to compare categorical variables. A probability value of *P* \< 0.05 was considered statistically significant.

Conclusions {#Sec15}
===========

Prenatal ultrasound is widely used in the world and the diagnostic accuracy of IEPS has improved significantly. The principle signs that strongly indicate IEPS are the sliding sign and feeding vessels. The outcomes of surgical removal of the lesion were satisfactory in this study.

Supplementary information
=========================

 {#Sec16}

Supplementary Video 1 Supplementary information

**Publisher's note:** Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Electronic supplementary material
=================================

**Supplementary information** accompanies this paper at 10.1038/s41598-018-37268-1.

This study was supported by the State Natural Sciences Foundation of China (no. 81271593, 81501497), and Hunan Natural Sciences Foundation (no. 2018JJ2583).

G.Q.X. designed and analyzed data and wrote the manuscript; J.W.Z. and S.Z. collected data; M.Z. performed prenatal ultrasound examinations; Z.O.Y. collected data; Y.L.Z., H.X.Y., L.L.T. and C.Y. performed prenatal ultrasound examinations; Q.C.Z. designed and wrote the manuscript. All authors revised the manuscript.

Competing Interests {#FPar1}
===================

The authors declare no competing interests.
